Contact dermatitis in healthcare workers is a world wide problem. We conducted a retrospective observational study of the patch-test results of 1,402 healthcare workers and 1,402 matched controls with contact dermatitis who were treated at 3 hospitals departments in Denmark between 2007 and 2014. The primary objective was to determine whether healthcare work was associated with contact allergy to thiuram mix, used as a rubber accelerator ib rubber protective gloves. Unadjusted univariate analyses revealed that healthcare work was significantly associated with occupational contact dermatitis and hand dermatitis. Contact allergy to thiuram mix was more common in healthcare workers, and was significantly associated with having occupational contact dermatitis, hand dermatitis and older age. In conclusion, we report here a potential problem of contact allergy to thiurams in healthcare workers with contact dermatitis. Legislative authorities may in the future focus on the use of rubber accelerators in, for example, protective gloves, which are widely used by healthcare professionals. Key words: contact allergy; hand eczema; healthcare workers; occupational contact dermatitis; thiurmas. A high prevalence of occupational contact dermatitis (CD) is seen with frequent "wet work" (1-3). In retrospective, epidemiological studies of occupational CD, healthcare is quantitatively one of the biggest groups (1, 2, 4). Healthcare workers are in daily skin contact with both irritants and allergens.
A high prevalence of occupational contact dermatitis (CD) is seen with frequent "wet work" (1) (2) (3) . In retrospective, epidemiological studies of occupational CD, healthcare is quantitatively one of the biggest groups (1, 2, 4) . Healthcare workers are in daily skin contact with both irritants and allergens.
Both prospective and retrospective studies have investigated the frequency of hand dermatitis and contact allergy to various allergens in various groups of healthcare workers (3, (5) (6) (7) . Contact allergy after repetitive skin contact with protective gloves (e.g. thiuram mix), drugs (e.g. tetrazepam) or disinfectants (e.g. formaldehyde and 2-bromo-2-nitro-1,3-propanediol) is frequent (5, 6) . However, hitherto no matched case-control study has presented contact allergens associated with healthcare work. The aim of this study is to identify whether thiuram mix contact allergy and background variables are associated with healthcare work in patients with CD, based on patch-test results from 3 major dermatological departments in Denmark between 2007 and 2014. In addition, we investigate whether other allergens from the European baseline series are also associated with healthcare work.
MATERIALS AND METHODS
All cases from the 3 university hospital departments were registered in the (Danish) National Database for Contact Allergy following uniform guidelines (8) .
Healthcare workers were retrieved from the database by means of occupational classification according the Danish version of the International Standard Classification of Occupation (DISCO-88), which has been explained elsewhere (9) . Healthcare workers were coded with the following DISCO-codes:  "2220, 2221, 2222, 2224, 2229, 2230, 3111, 3211, 3220, 3221,  3222, 3223, 3224, 3225, 3226, 3228, 3229, 3230, 3231, 5130 , 5131, 5132, 5133 and 73101". The following occupational subgroups were included for analysis: auxiliary nurses (nurse assistants), chiropractors, doctors (including surgeons), dentists, dental nurses, dental technicians, laboratory workers at hospitals, medical secretaries, midwifes, nurses, occupational therapists, pharmacists, and physiotherapists.
The study population comprised 1,402 healthcare workers consecutively registered between 1 January 2007 and 31 December 2013.
All healthcare workers were matched (1:1 case-control match) to a control group of patients with CD, who were not registered as healthcare workers in the database. Matching criteria were sex, age (± 1 year) and test year. The control group was occupied in the following occupations: office work (n = 371), teaching and nursery teaching (n = 155), cleaning (n = 81), hairdressing and cosmetology (n = 75), food industry work (e.g. cooks and bakers; n = 61), agricultural work (n = 51), blue-collar work (n = 34), transportation work (n = 32), metal processing sector work (n = 20), technician work (n = 18), painting (n = 9), and "others" (n = 495). with methylisothiazolinone (MI) was also included. MI has first recently been included in the European baseline series in all 3 centres, and therefore not all patients were patch-tested with MI. Targeted testing with MI was excluded from the analyses.
Occupational CD was defined as eczema (CD) with a known or suspected temporal relation with an occupational exposure. If necessary, individual exposure assessment was conducted. In Denmark, doctors are obliged by law to notify all suspected or known occupational diseases, including skin diseases, to authorities, i.e. National Board of Industrial Injuries for worker's compensation.
Patch-tests were applied on the upper back in accordance with international guidelines (10) . Occlusion time was 48 h and readings were performed at least once on D3 (or D4), and often also on D2 and D7, in accordance with the recommendations of the ICDRG (10) . The patch-test readings of 9.7% patients were only performed once on D3 (or D4). Reactions of strength 1+, 2+ and 3+ were regarded as positive responses. Furthermore, a few NT:S (not tested:sensitized) were also regarded as positive responses (10) . Irritant reactions, doubtful reactions and negative reactions were interpreted as negative responses.
Statistical analysis
All data analyses were performed with the statistical software SPSS™ version 19.0 SPPS™ Statistics Chicago, IL, USA; IBM PASW Statistics. The Pearson χ 2 test, Fischer's exact test and unadjusted odds ratios (OR) with 95% confidence intervals (95% CI) were applied for the univariate analyses of contact allergy to each allergen. Trend across test year was utilized with liner-by-linear χ 2 test for the MOALHFA-index. Binominal logistic regression analysis was conducted for contact allergy to allergens being significantly associated with healthcare as dependent variable and background variables of the MOALHFA-index as explanatory variables. All p-values are 2-sided, and 0.05 was chosen for statistical significance.
RESULTS
A total of 1,402 healthcare workers were patch-tested between 2007 and 2014, and these were matched with 1,402 patients with CD (controls).
The baseline characteristics for health care workers and controls according to MOAHLFA-index are listed in Table I . Of 1,402 healthcare workers, 421 patients (30%) had occupational CD and 754 patients (53.8%) had hand dermatitis. Healthcare work was furthermore in the unadjusted univariate analyses significantly associated with occupational CD and hand dermatitis, while an inverse and significantly association was observed for leg dermatitis compared with controls.
No significant changes in frequency regarding MOAHLFA-index were observed across test year for the group of healthcare workers. Table II shows positive patch-test reactions in healthcare workers and the matched controls. Unadjusted analysis revealed that contact allergy to thiuram mix was significantly associated with healthcare work. In contrast, the same analyses showed that potassium (Table III) . The logistic regression revealed that occupational CD, hand dermatitis and older age (age > 40 years) were significantly associated with contact allergy to thiuram mix.
The sub-occupational classification is shown in Table  IV . The biggest occupational sub-groups were "nurse" and "auxiliary nurses". Furthermore, the frequency of thiuram mix contact allergy within the occupational sub-groups is shown (Table IV) .
Dentists and dental assistants, nurses and auxiliary nurses all had a sensitization frequency of thiuram mix of 6-7% in comparison with, for example, doctors 3.6% or pharmacists 0%. The occupational sub-groups were not included in a logistic regression model owing to a moderate sample size for several of the occupational sub-groups. Nonetheless, unadjusted univariate analyses of the frequency of thiuram mix contact allergy within the occupational sub-groups revealed no significant differences in the frequency of contact allergy to thiuram mix between the sub-groups (e.g. nurses vs. healthcare workers not being occupied as a nurse; doctors vs. healthcare workers not being occupied as a doctor).
DISCUSSION
This retrospective matched case-control study shows that healthcare is associated with thiuram mix contact allergy in a cohort of patients with CD. In addition, contact allergy to thiuram mix was significantly associated with hand dermatitis, occupational CD, and age > 40 years. Healthcare workers with CD significantly more often had hand dermatitis and occupational CD than controls. Hitherto, to our knowledge, no other study has conducted a retrospective matched case-control study of healthcare workers with CD.
Discouraged by the increasing trend of thiuram sensitivity in the 1990s and early 2000s, glove manufacturers have allegedly attempted to lower their use of rubber accelerators in the vulcanization process of rubber gloves (11) . However, our data show that sensitization to thiuram mix in healthcare workers are common. This may indicate that thiurams (and carbamates) still are widely used in rubber protective gloves purchased on the Danish market, which is partly in accordance with a recent German stratified analysis of occupational cases among nurses made by Molin and co-workers (6) .
No study has investigated the use of different rubber accelerators used in protective gloves comprehensively (11, 12) . The chemical composition of rubber accelerators in rubber protective gloves is complex and may also vary during the vulcanization process (13) . A recent study by Hansson and co-workers tried to evaluate the reactivity profile in patients with contact allergy to selected rubber accelerators (14) . It is noteworthy that dithiocarbamates constitute a redox pair with thiurams. Thiuram mix in the European baseline series is therefore merely a patch-test marker for thiuram-carbamate sensitization. None theless, it would therefore be advisable in the name of prevention to make ingredient labelling of protective gloves mandatory.
Hand dermatitis in nurse apprentices is common, with a 1-year prevalence of approximately 20-35% (3, (15) (16) (17) . Other studies have estimated the point prevalence of hand dermatitis in nurses being twice as high as in the general population (1, 5, 16) . This is in accordance with our findings, revealing that hand dermatitis was significantly associated with healthcare work. Approximately 30% of all healthcare workers with CD were notified as occupational CD (Table I) , which is in line with another, comparable and observational, study from the 1990s (5). Our retrospective observational study is however limited. Our control group was not patch-tested with the more special patch-test series often used for testing healthcare workers with CD, e.g. components of surface or instruments disinfectants or different ointments. Another limitation is that although the majority of all patients (90.3%) had their patch-test readings done on days 2, 3 (or 4) and 7 (following the recommendations of International Contact Dermatitis Research Group [ICDRG]), 9.7% of the patch-test readings were only done once. This implies that immune reactions beyond day 3 (or 4) would have been missed.
The inverse association between healthcare work and contact allergy to chromium is noteworthy, especially in contrast to another study (6) .
Interestingly, contact allergy to colophonium, which is often used in adhesive tapes, bandages and hydrocolloid dressings, was not associated with healthcare work. In general, the use of colophonium (and thus the rate of sensitization), has diminished (6, 18) , and documented reports of occupational allergic CD to colophonium in healthcare workers are rare (19) .
In conclusion, this retrospective observational casecontrol study reveals for the first time that, in a cohort of patients with CD, work in the healthcare sector is significantly associated with contact allergy to thiuram mix, hand dermatitis and occupational CD. In the future legislative authorities may focus on the use of thiurams and carbamates in, for example, protective gloves, as it seems that the improved production methods of protective gloves not yet have paid dividend to the skin health of the workers in the healthcare sector.
